A n understanding of the development and function of T helper (Th) 1, Th17 and regulatory T (Treg) cells is critical toward revealing pro-inflammatory immune responses, especially in autoimmune diseases. However, there is no standard protocol to monitor the development of these cells over time in vivo. This protocol details a method to generate Th1, Th17, and Treg cells in a T cell-induced colitis model in vivo and monitor their dynamic changes, which can be used for further investigations in their development from naive CD4 + T cells in specific gene knockouts and background strains. This protocol starts with the isolation of naive CD4 + CD45RB high T cells from C57BL/6 IL-17A gfp mice followed by their i.p. injection into recombinase, activating gene-1-deficient (Rag1 −/− ) mice. At the indicated time points, mice are killed, and mesenteric lymphocytes and murine lamina propria mononuclear cells are isolated and subjected to flow cytometric analysis to assess the development of Th1, Th17, and Treg cells and Th2, Th9, Th22, and follicular T helper (Tfh) cells. This protocol can be completed within 8 weeks.
CD4 + T cells play a central role in the function of the immune system, particularly in adaptive immunity. They help the activity of other immune cells by releasing T cell cytokines. CD4 + T cells can be subdivided into lineages based on immunological functions, specific transcription factors, and cytokines: Th1, Th2, Th9, Th17, Th22, Tfh and Treg cells. Aberrant activation of Th1, Th17, Th22 and Tfh cells has been implicated in many autoimmune and inflammatory diseases, whereas excessive Th2 activity causes allergic diseases. Conversely, impaired function of Treg cells causes fatal inflammatory disorders both in human and mouse. 1, 2 Although T helper and Treg cell development has been extensively studied in vitro, 3, 4 their development in vivo is not as well understood. Here, we use the classical T cell transfer model of colitis originally described by Powrie 5 to investigate the developmental characteristics of various T helper and Treg cells in vivo. Initially, Th1 cells were thought to dominate the pathogenesis of colitis. 5 Recent studies indicate that Th17 cells are even more important than Th1 cells in this process. 6 In total, this system could be used as a model to investigate the development of Th1/ Th17 and Treg cells in vivo since CD4 + T cells isolated from mesenteric lymph nodes (MLN) and colonic lamina propria (LP) express specific phenotypes and functional characteristics of Th and Treg cells. 7 Using Th17 reporter mice in a colitis model, we herein provide a detailed protocol and define the dynamics of T helper and Treg cell development in vivo. (Figure 1d ). It is noted that the expression levels of retinoic acid-related orphan receptor gamma t (RORγt) + cells parallel Th17 cell development in both MLN and LP, even though RORγt levels are reduced at six weeks (Figure 1e ). While Th1 cells are no longer considered to be the cell type responsible for pathogenicity in colitis, our study nevertheless demonstrated that IFN-γ + Th1 cells gradually develop and that their levels are similar or even higher compared with Th17 cells in both MLN and LP (Figure 1f ). As expected, the Th1 cell transcription factor T-bet + could be identified in cells found both in MLN and LP. Unlike RORγt, T-bet + cells peak at four weeks and rapidly reduce and disappear 6-8 weeks later (Figure 1g ), suggesting different stabilities of Th1 and Th17 cells in this model.
ISOLATION OF NAIVE CD4 + CD45RB HIGH T CELLS FROM DONOR MICE, INJECTION OF CELLS INTO
RAG1 −/− MICE 1.
FOXP3 + TREG CELL DEVELOPMENT IN VIVO IN COLITIS MODEL
Foxp3 + Treg cells play an important role in the prevention of autoimmune diseases. 9 We characterized the dynamics of Foxp3 + Treg cell development in vivo since it had not been previously systematically defined. Unlike Th1 and Th17 cells, Treg cells are almost undetectable in MLN at two weeks, but they start to appear at 4 weeks and gradually increase until 8 weeks. However, Treg cells are less developed in LP (Figure 1h) .
Recent studies have suggested that Neuropilin-1(Nrp-1) and Helios expression may help distinguish natural Treg from induced Treg subsets. 10, 11 With this in mind, we also analyzed the phenotypic characteristics of these Treg cells. As shown in Figure 1i , very few MLN Foxp3 + cells express Nrp-1, indicating that these cells belong to the induced Treg subset. We also found that these cells express Helios in levels similar to that reported for natural Treg cells. It is not surprising that Helios may not be a specific marker for natural Treg cells. 12 We identified the characteristics of the differentiation and development of Th1, Th17 and Treg cells in vivo using dynamic analysis. MLN are the most ideal tissue to analyze the above three subset developments in vivo. Th1 and Th17 cells emerge at two weeks and reach peak levels at four weeks. These data suggest that a 4-week period of observation is sufficient for Th1 and Th17 cell development in this model. Treg cells emerge a little later with peak levels appearing in the late stage of disease. It is possible that the late appearance of Treg cells represents a compensatory feedback to dampen the proinflammatory effects of Th1 and Th17 cells. While the Treg cells can not completely prevent disease, it is possible that disease progression will be exacerbated if these Treg cells are absent. 13 
TH2, TH9, TH22 AND TFH CELLS ARE LESS DETECTABLE
We also analyze the developmental ability of Th2, Th9, Th22 and Tfh cells since they also play important roles in different immune responses. As expected, the levels of these cells are much lower in either MLN or LP in colitis (Supplementary Figures 1a-c) . Thus, colitis may not be an ideal model to determine the differentiation and mechanisms of these cell subsets in vivo. As reported previously, Tfh cells were significantly increased in mice immunized with keyhole limpet hemocyanin (KLH) protein in vivo, 14 suggesting that the KLH model could be utilized as an alternative for monitoring the development of Tfh cells. In total, an obvious advantage is that naive CD4 + CD45RB high T cells from any gene knockout mice on B6 background can be transferred into B6 Rag1 −/− mice, and the role of suspected gene(s) on Th17, Th1, and Treg cell development and colitis inflammation could be identified. For instance, transfer of CD4 + CD45RB high T cells isolated from RORγt KO mice into Rag1 −/− recipients fails to induce colitis, suggesting that the Th17 cell subset is crucial for disease induction in the colitis model. 15 Taken together, our data have demonstrated the dynamic changes and differentiation features of Th1, Th17, Treg and other T helper cells in an adoptive transfer model of colitis in vivo. This protocol can provide important information on the differentiation and development of T helper and Treg subsets at different time points during disease induction or under the influence of novel gene(s).
